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Abstract
The aim of this study was to verify the association between children’s body mass index and their mother’s obesity, considering
children’s physical fitness as a possible moderator. Cross-sectional study developed with 1842 children and adolescents, aged
seven to 17 years, from Santa Cruz do Sul-RS, Brazil. Body weight and height were assessed to determine body mass index.
Cardiorespiratory fitness was determined by the 6-min walk/run test and muscular strength through the lower limb strength test.
Mother’s perception of obesity was self-assessed. Moderation was tested through a SPSS program extension. Results indicated
that higher children’s bodymass index (p < 0.001) and lower levels of cardiorespiratory fitness (p = 0.001) and muscular strength
(p = 0.035) were associated with mother’s obesity. Likewise, higher body mass index (p < 0.001) and lower cardiorespiratory
fitness (p < 0.001) in adolescents were associated with maternal obesity. Moreover, physical fitness moderates the relationship
between body mass index and mother’s obesity in children (cardiorespiratory fitness: β = − 0.006; 95% CI = (− 0.010, − 0.001);
muscular strength: β = − 8.415; 95% CI = (− 12.526, − 4.304)) and in adolescents (cardiorespiratory fitness: β = − 0.004; 95%
CI = (− 0.008, − 0.0008); muscular strength: β − 2.958; 95% CI = (− 5.615, − 0.030)).
Conclusion: increasing physical fitness is an important strategy to protect youths from high body mass index, when their
mothers are obese.
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What is Known:
• Mother’s obesity is associated with their children’s body mass index.
• Parents’ obesity is associated with their children’s physical fitness
What is New:
• Cardiorespiratory fitness and muscular strength are moderators in the relationship between mother’s obesity and BMI of their children.
•Children and adolescents with high cardiorespiratory fitness and muscular strength levels are protected against elevated bodymass index, considering
mother’s obesity
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Introduction
Obesity in children and adolescents is a public health concern
worldwide [1, 2]. Prior data have indicated that obesity in
childhood tracks into adolescence and into adulthood [3, 4].
Likewise, obesity is associated with an increasing prevalence
of several noncommunicable diseases, such as dyslipidemia,
hypertension, and type 2 diabetes [5]. Moreover, a systematic
review study showed that obese children and adolescents are
more likely to suffer from depression and depressive symp-
toms [6].
Parent’s obesity has been considered an important risk fac-
tor for being overweight, once children whose parents are
obese have a high body mass index (BMI) [7]. Additionally,
previous studies have indicated that compared with fathers,
mothers have a greater impact on children’s BMI [8, 9], con-
ceivably because there is an increase in childhood obesity
when mothers are obese [10]. In addition, children’s lower
muscle fitness and lower cardiorespiratory (CRF) physical
fitness is associated with their parents’ obesity [7, 11].
Taking these aspects into consideration, the present study
intends to address new evidence from the perspective of trying
to understand if a relationship between BMI and physical
fitness of children/adolescents and their mother’s obesity is
observed. In addition, another literature gap we intend to fill
is the level of physical fitness that children and adolescents
must achieve to protect them from high BMI levels when their
mother has obesity. Therefore, the aim of the present study
was to verify the association between children/adolescent’s
BMI and their mother’s obesity, considering children/adoles-
cent’s physical fitness as a possible moderator.
Methods
This cross-sectional study was developed with 1842 children
and adolescents, aged seven to 17 years (mean and standard
error 11.41 ± 0.06) from students of public and private schools
in the urban and rural areas of the city of Santa Cruz do Sul-
RS, Brazil. Children were selected by conglomerate. In 2004,
a survey was conducted in this city, which indicated the num-
ber of schools (n = 50) and students (n = 17,688) enrolled.
From this, a sample size calculation was made considering
the population density of schoolchildren in all regions of the
city (south, north, east, west, center) including public
(municipal and state) and private schools. Then, schools were
randomly selected and invited to form a cohort and the eval-
uations were developed in the following years: 2004–2006
(Phase I), 2007–2009 (Phase II), 2011–2012 (Phase III),
2014–2015 (Phase IV), and 2016–2017 (Phase V). This study
was approved by the Human Research Ethics Committee of
the University of Santa Cruz do Sul (UNISC) under certificate
number 1.498.305. Mothers or legal guardians of the children
and adolescents signed free and informed consent forms.
The sample size calculation for the present study was done
through to the software G*Power version 3.1. A weak effect
size (F2 = 0.02), a statistical power of 0.90, and alpha (type I
error rate) of 0.05, with six predictors, were considered. The
minimum number of children and adolescents was established
as 878. However, to avoid probable difficulties with sample
loss, an increase of 5%was assumed, totalling 922 in each age
group (children and adolescents).
The following inclusion criteria were determined: informed
consent obtained from all individual participants; children and
adolescents aged between seven and 17 years. The exclusion
criterion was to present any physical incapacity or health prob-
lem that makes it impossible to execute the physical fitness
tests.
Measures were taken in 2016/2017 at the University of
Santa Cruz do Sul by trained researchers. Body weight and
height were assessed using an anthropometric scale with a
coupled stadiometer (Filizola®, precision of 0.01 kg and
0.01 cm, respectively). The evaluated participants were bare-
foot and in light clothing. Then BMI was determined by di-
viding weight (kg) by height (m) squared.
Physical fitness was assessed according to Projeto Esporte
Brasil procedures [12]. CRF was determined through the 6-
min walk/run test. The students were divided into groups,
appropriate to the dimensions of the sports court. The impor-
tance of maintaining a constant running pace was emphasized
to the participants, avoiding walks and sprints, and they were
oriented to run as long as possible. Students were informed
when the test reached 3 and 5 min. Through a sign, at the end
of the test, the students interrupted the test remaining in the
place where they were, so the distance reached (in meters)
during the 6 min could be recorded. Then, the estimation of
CRF was obtained by multiplying the number of laps by me-
ters covered. Muscular strength was determined through the
lower limb strength (LLS) test. The test was carried out with a
measuring tape fixed to the floor. The participants were posi-
tioned immediately behind the starting line, with feet parallel
and knees partially flexed. At the signal, they were instructed
to jump with both feet at the same time as far as possible [12].
Information regarding the perception of mother’s obesity
was obtained by a self-reported questionnaire, in which there
was a table where mothers could indicate the presence of
cardiac, pulmonary, or circulatory diseases before the age of
55 years. Obesity was one of the included diseases. The
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questionnaire was sent via the children, to be answered by
their mothers. The possible answers were yes and no. This
information was obtained from 1842 mothers.
Sexual maturation was assessed according to Tanner’s
criteria [13], using images of development of breast stages
for girls, genital stages for boys, and pubic hair for both.
Children and adolescents were asked to indicate the image
accordingly to their current stage. Five sexual maturation
stages were considered and then categorized into prepubertal
(stage I), initial development (stage II), continuous maturation
(stages III and IV), and matured (stage V). This kind of mea-
sure avoids possible embarrassment by the evaluated and is
validated as an appropriate measure of sexual maturation
[14–16].
Socioeconomic status was assessed by the questionnaire of
the Brazilian Association of Research Companies (2015) [17],
considering the head of household’s educational level and the
quantity of certain items they have, such as a car, washing
machine, bathroom, among others. A score was obtained ac-
cording to the answers; thus, the sum of these scores indicated
the family’s social class: A1, A2, B1, B2, C1, C2, D–E, with
A1 the highest and D–E the lowest class.
Statistical analyses
Data were analyzed with descriptive statistics, presenting
mean, standard error, and frequency. Categorical variables
were transformed into dummy variables and the chi-squared
test was used to examine differences between children (6 to
11 years) and adolescents (12 to 17 years). For continuous
variables, the independent two-tailed t tests were used.
PROCESS macro, which is a program extension for the
Statistical Package for Social Sciences (SPSS) version
24.0 (IBM Corp, Armonk, NY, USA) was used for mod-
eration analyses through linear regression models. The
mother’s obesity was considered as an independent vari-
able, and children’s and adolescent’s BMI was the depen-
dent variable, while CRF and muscular strength were the
moderator variables. The models were defined as follows:
(1) linear associations between CRF and BMI; (2) linear
children’s/adolescent’s BMI and mother’s obesity; (3) lin-
ear associations between BMI and interaction of
CRF*mother’s obesity. The same models were considered
for LLS as a moderator. The Johnson-Newman technique
was applied, in which CRF and muscular strength were
classified according to tertiles. This technique also allows
the determination of the point at which the relationship
between children’s BM and maternal obesity ceases to
exist for CRF and LLS [18]. All analyses were adjusted
for sex, sexual maturation, and socioeconomic level. The
probability value p < 0.05 was considered to be significant
for all analyses.
Results
A total of 1842 children and adolescents (42.7% boys) partic-
ipated in the study. The mother’s obesity was observed in
8.0% of the sample. Adolescents presented higher mean
values for height, weight, BMI, and LLS than children
(Table 1).
An inverse linear association between children’s CRF and
muscle strength with mother’s obesity is seen in Table 2. For
adolescents, this relationship was observed only with CRF.
The mother’s obesity was also positively associated with her
children’s BMI in both groups (children and adolescents).
Furthermore, children and adolescents’ CRF and LLS were
associated with BMI.
When analyzing the moderation effect of CRF and muscu-
lar strength in the relationship between mother’s obesity and
their children’s BMI, the results suggest an interaction for
CRF and the mother’s obesity with BMI in both groups (chil-
dren and adolescents). The same was observed with muscular
strength, both in children and adolescents (Table 3).
Considering the interaction between the mother’s obesity
with CRF and muscular strength, we seek to find the point
from which CRF would be able to protect children and ado-
lescents from high BMI, considering the presence or absence
of mother’s obesity. In Fig. 1, it is shown that children aged
between six and 11 years, whose mothers were obese, were
more likely to have a high BMI. An association was observed
in low (672.27 m) and medium (833.74 m) CRF. The same
was found for muscular strength, at low (0.96 m) and medium
(1.19 m) points. For children who have high CRF and mus-
cular strength, the association was no longer observed, sug-
gesting that children who reached more than 945.66 m and
1.31 m in the CRF and muscular strength tests, respectively,
were protected from high BMI.
Adolescents whose mothers were obese were more likely
to have high BMI; thus, an association was observed in low
(711.23 m), medium (927.47 m), and high (1143.72 m) CRF.
The same was found for muscular strength, at low (1.14 m),
medium (1.46 m), and high (1.77 m) LLS points.
Additionally, adolescents who reached more than 1164.81 m
and 1.99 m in the CRF and muscular strength tests, respec-
tively, were protected from high BMI. Therefore, CRF and
muscle strength seem to be important components for BMI
of children and adolescents who have obese mothers (Fig. 2).
Discussion
The main findings of the present study indicate that lower
levels of CRF and muscular strength in children and lower
levels of CRF in adolescents, as well as with higher BMI in
children and adolescents, were associated with their mother’s
obesity. Moreover, to the best of the author’s knowledge, this
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is the first study to investigate CRF and muscular strength as
moderators in the relationship between children’s BMI and
their mother’s obesity, which suggests that children and ado-
lescents with high CRF and LLS levels are protected against
elevated BMI, even taking into considering their mother’s
obesity.
Our results are in line with a recent meta-analysis, which
indicated a 264% increase in the chances of the child being
obese when the mother has the same profile [10]. In this same
perspective, Golab et al. [19] sought to identify whether com-
plications during pregnancy would influence the children’s
obesity, regardless of maternal adiposity. They concluded that
the strategies should focus on reducing the mother’s BMI,
since a direct relationship between complications and the chil-
dren’s adiposity status is unlikely. Besides, a study followed a
group of parents, mothers, and children to verify the associa-
tion between fat of children and their parental BMI, and
showed an association only between the condition of the child
and the condition of the mother [8].
The current findings showing the association between chil-
dren’s physical fitness and their mother’s obesity are also in
agreement with the literature. Cadenas-Sanchez et al. [7] pre-
sented a negative association between offspring’s muscular
strength and maternal BMI. Lower levels of CRF in children
and adolescents were associated with overweight/obese parents,
compared with normal weight parents [11]. When analyzing
prenatal conditions, Mintjens et al. [20] and Tikanmäki et al.
[21] showed that reduced CRF in children and adolescents
was associated with maternal prepregnancy overweight/obesity.
Our findings have also shown that physical fitness compo-
nents are associated with children’s and adolescent’s BMI.
Fairchild et al. [22] found that children with the highest BMI
have the lowest CRF. Moreover, those children who were of
normal weight, but had a high percentage of fat, had lower
CRF levels. The same was found in a study that looked at
Mexican, Kenyan, and Canadian children [23]. Concerning
muscle fitness, a study carried out with Colombian children
showed that those with high levels of this component had a
Table 1 Participant’s
characteristics SE (mean)
Characteristics Total (n = 1842) Children (n = 928) Adolescents (n = 914)
Age (years) 0.063 (11.41) 0.047 (9.14) 0.050 (13.72)
Height (m) 0.003 (1.50) 0.003 (1.39) 0.003 (1.61)*
Weight (kg) 0.358 (47.05) 0.373 (37.68) 0.427 (56.60)*
BMI (kg/m2) 0.095 (20.35) 0.125 (19.08) 0.132 (21.65)*
CRF (m) 4.580 (879.46) 5.344 (832.90) 7.143 (926.95)*
LLS (m) 0.007 (1.32) 0.007 (1.19) 0.010 (1.46)*
n (%)
Mother’s obesity
Yes 148 (8.0) 69 (7.4) 79 (8.6)
No 1694 (92.0) 859 (92.6) 835 (91.4)
Maturational stage
Prepubertal 396 (21.7) 377 (41.6) 19 (2.1)*
Initial development 438 (24.0) 313 (34.5) 125 (13.6)*
Continuous maturation (stages III and IV) 831 (45.6) 195 (21.5) 636 (69.4)*
Maturated 157 (8.6) 21 (2.3) 136 (14.8)*
Sex
Boys 798 (42.7) 409 (43.4) 389 (42.1)
Girls 1069 (57.3) 533 (56.6) 536 (57.9)
Socioeconomic status
A 75 (4.0) 30 (3.2) 45 (4.9)*
B1 127 (6.8) 56 (5.9) 71 (7.7)
B2 487 (26.1) 240 (25.5) 247 (26.7)
C1 559 (29.9) 284 (30.1) 275 (29.7)*
C2 468 (25.1) 257 (27.3) 211 (22.8)
D-E 152 (8.1) 76 (8.1) 76 (8.2)
BMI body mass index, CRF cardiorespiratory fitness, LLS lower limb strength, SE standard error
*Significant independent t test for differences between means for children and adolescents (p < 0.05). Standard
error of the mean (in parentheses) is quoted for each characteristic (continuum variables)
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better state of physical health, including lower BMI [24].
Another similar study that investigated a two-decade trend
showed that muscle fitness was inversely associated with the
BMI of Czech children [25]. This might be explained consid-
ering that physical exercise practice is able to improve phys-
ical fitness and consequently influence children’s BMI [26].
We go further in order to understand the moderating role of
physical fitness of the children/adolescent. Indeed, our data
have indicated that CRF and muscular strength are moderators
of the association between BMI of children and their mother’s
obesity. In addition, our data provided the level of CRF and
LLS needed so that the association no longer existed. That is,
children who reached more than 945.66 m and 1.31 m in the
CRF and muscle strength tests, respectively, were protected
from high BMI. The same was observed for adolescents, the
ones who reached more than 1164.81 m and 1.99 m in the
CRF and muscle strength tests, respectively, were protected
from high BMI.
Table 2 Linear association
between children’s physical
fitness and body mass index with
mother’s obesity
Children (n = 928) Adolescents (n = 914)
β CI (95%) p β CI (95%) p
Cardiorespiratory fitness
Mother’s obesity








Yes 2.822 (1.880, 3.763) < 0.001 3.268 (2.359, 4.177) < 0.001
No 1 1
CRF − 0.008 (− 0.009, − 0.006) < 0.001 − 0.005 (− 0.006, − 0.004) < 0.001
LLS − 3.562 (− 4.676, − 2.449) < 0.001 − 2.319 (− 3.321, − 1.316) < 0.001
All analyses were adjusted for socioeconomic status, sex, and sexual maturation
CRF cardiorespiratory fitness, LLS lower limb strength
Table 3 Moderation of CRF and
LLS in the linear relationship
between BMI of children/
adolescents and their mother’s
obesity
Body mass index
Children (n = 928) Adolescents (n = 914)
β CI (95%) p β CI (95%) p
Cardiorespiratory fitness
CRF − 0.001 (− 0.006, 0.004) 0.696 0.0008 (− 0.003, 0.005) 0.740
Mother’s obesity




− 0.006 (− 0.010, − 0.001) 0.011 − 0.004 (− 0.0086, − 0.0008) 0.018
Lower limb strength
LLS 5.931 (1.391, 10.470) 0.010 1.037 (− 2.063, 4.137) 0.511
Mothers obesity




− 8.415 (− 12.526, − 4.304) 0.001 − 2.958 (− 5.615, − 0.300) 0.029
All analyses were adjusted for socioeconomic status, sex, and sexual maturation
BMI body mass index, CRF cardiorespiratory fitness, LLS lower limb strength
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Fig. 2 Results of Johnson-
Newman technique applied to
adolescent’s cardiorespiratory
fitness (a) and muscular strength
(b) in the relationship between
BMI and their mother’s obesity.
CRF cardiorespiratory fitness,
LLS lower limb strength. All




cardiorespiratory fitness (a) and
muscular strength (b) of children
in the relationship between BMI
of children and their mother’s
obesity. CRF cardiorespiratory
fitness, LLS lower limb strength.
All analyses were adjusted for
sex, sexual maturation and
socioeconomic status
Eur J Pediatr
We highlight the relevance of these findings, since accord-
ing to our knowledge, there are no studies investigating the
moderator role of physical fitness on the described associa-
tions. Additionally, we have established a cutoff for CRF and
LLS, considering specific age groups (children and adoles-
cents), that can be used as a target for intervention programs
aiming to improve these physical fitness components. Indeed,
while maternal overweight/obesity is a nonmodifiable risk
factor for children obesity, physical fitness is an important
health indicator [27] that can be enhanced by regular and
moderate-vigorous physical activity [26] and is also associat-
ed with a healthy profile, including higher probability physical
activity practice, lower sedentary behavior, and appropriate
sleep patterns [28]. Another strategy to increase physical ac-
tivity level leading to a reduction in weight gain is by promot-
ing active video games, which can provide an experience of
enjoyment and socialization, being well accepted, especially
in children [29].
This study has several limitations. First, the cross-
sectional design precludes definitive causal attributions.
Second, unknown confounders could have been a source
of bias, like physical activity and diet. Finally, the per-
ception of the mother’s obesity was self-reported, which
could underestimate the obesity status. Our study also has
several strengths, such as the relatively large sample
assessed, investigating the moderating role of physical
fitness in the relationship between BMI of children and
their mother’s obesity, and being one of the first using
this approach including the novel perspective of determin-
ing the moderation point.
In conclusion, CRF and muscle strength in children
and CRF in adolescents is associated with the mother’s
obesity. Children’s BMI was also positively associated
with their mother’s obesity. In addition, CRF and muscu-
lar strength are moderators in this relationship between
BMI and mother’s obesity. Therefore, increasing physical
fitness is an important strategy to prevent excess weight in
offspring of obese mothers. Such information is key for
parents, teachers, physical educationalists and those work-
ing with youth.
Authors’ contributions C.B. have made substantial contributions to the
conception, analysis, and interpretation of data and drafted the work;
C.F.F. have made substantial contributions to the conception, analysis,
and interpretation of data and drafted the work; A.F.D. contributed to the
interpretation of data and drafted the work; A.R.G. substantially reviewed
the work; C.M.L.M. substantially reviewed the work; J.D.P.R. contribut-
ed to the design of the work; C.P.R. contributed to the design of the work
and substantially reviewed the work; R.K. substantially reviewed the
work. All authors read and approved the final manuscript.
Funding This study received funding from the Coordination for the
Improvement of Higher Education Personnel.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Ethical approval This study was approved by the Human Research
Ethics Committee of the University of Santa Cruz do Sul (UNISC) under
certificate number 1.498.305. Also, was performed in accordance with
the ethical standards of the Declaration of Helsinki.
Informed consent Informed consent was obtained from all individual
participants included in the study.
References
1. Martins APB (2018) Obesity must be treated as a public health
issue. Rev Adm Empres 58(3):337–341
2. Hardy LL,Mihrshahi S, Gale J, Drayton BA, BaumanA,Mitchell J
(2017) 30-year trends in overweight, obesity and waist-to-height
ratio by socioeconomic status in Australian children, 1985 to
2015. Int J Obes 41(1):76–82
3. Munthali RJ, Sahibdeen V, Kagura J, Hendry LM, Norris SA, Ong
KK, Day FR, Lombrad Z (2018) Genetic risk score for adult body
mass index associations with childhood and adolescent weight gain
in an African population. Genes Nutr 13(24):1–9
4. Geserick M, Vogel M, Gausche R, Lipek T, Spielau U, Keller E,
Pfäffle R, Kiess W, Körner A (2018) Acceleration of BMI in early
childhood and risk of sustained obesity. N Engl J Med 379(14):
1303–1312
5. Lobstein T, Jackson-Leach R, Moodie M, Salón K, Gortmaker S,
Swinburn B, WPT J, Wang Y, McPherson K (2015) Child and
adolescent obesity: part of a bigger picture. Lancet 385(9986):
2510–2520
6. Quek YH, Tam WWS, Zhang MWB, Ho RCM (2017) Exploring
the association between childhood and adolescent obesity and de-
pression: a meta-analysis. Obes Rev 18(7):742–754
7. Cadenas-Sanchez C, Henriksson P, Henriksson H, Delisle Nyström
C, Pomeroy J, Ruiz JR, Ortega FB, Löf M (2017) Parental body
mass index and its association with body composition , physical fi
tness and lifestyle factors in their 4-year-old children : results from
the MINISTOP trial. Nat Publ Gr 71(10):1200–1205
8. Xu RY, Zhou YQ, Zhang XM,Wan YP, Gao X (2019) A two-year
study of parental obesity status and childhood obesity in China.
Nutr Metab Cardiovasc Dis 29(3):260–267
9. Whitaker KL, Jarvis MJ, Beeken RJ, Boniface D, Wardle J (2010)
Comparing maternal and paternal intergenerational transmission of
obesity. Am J Clin Nutr 91(6):1560–1567
10. Heslehurst N, Vieira R, Akhter Z, Bailey H, Slack E, Ngongalah L,
Augustina Pemu A, Rankin J (2019) The association between ma-
ternal body mass index and child obesity: a systematic review and
meta-analysis. PLoS Med 16(6):1–20
11. Labayen I, Ruiz JR, Ortega FB, Loit H, Harro J, Veidebaum T,
Sjostrom M (2010) Intergenerational cardiovascular disease risk
factors involve both maternal and paternal BMI. Diabetes Care
33(4):894–900
12. Gaya A, Lemos A, Gaya A, Teixeira D, Pinheiro E, Moreira R
(2016) PROESP-Br Projeto Esporte Brasil Manual de testes e
avaliação;1–20
13. Tanner JM (1986) Normal growth and techniques of growth assess-
ment. ClinEndocrinolMetab 15(3):411–451
Eur J Pediatr
14. Faria ER, Fancesschini SCS, Peluzio MC, Sant’Ana LF, Priore SE
(2013) Aspectos metodológicos e éticos da avaliação da maturação
sexual de adolescentes. Rev Paul Pediatr 31(3):398–405
15. Bojikian LP, Massa M, Martin RH, Teixeira CP, Kiss MA, Böhme
MT (2002) Females’ self-assessment of sexual maturation. Rev
Bras Ativ Fis Saude 7:24–34
16. Rapkin AJ, Tsao JC, Turk N, Anderson M, Zeltzer LK (2006)
Relationships among self-rated tanner staging, hormones, and psy-
chosocial factors in healthy female adolescents. J Pediatr Adolesc
Gynecol 19:181–187
17. Associação Brasileira de Empresas de Pesquisa ABEP (2015)
Critério de Classificação Econômica Brasil - CCEB. Códigos e
guias 1–6
18. Hayes AF (2013) Mediation, moderation and conditional process
analysis: a regression-based approach. Guilford Press, Nova Iorque
19. Golab B, Santos S, Voerman E, Lawlor D, Jaddoe V, Gaillard R
(2019) Common pregnancy complications and risk of childhood
obesity - influence of maternal obesity: an individual participant
data. Lancet Child Adolesc Health 2(11):812–821
20. Mintjens S, Gemke RJBJ, Van Poppel MNM, Vrijkotte TGM,
Roseboom TJ, Van Deutekom AW (2019) Maternal prepregnancy
overweight and obesity are associated with reduced physical fitness
but do not affect physical activity in childhood: the Amsterdam
born children and their development study. Child Obes 15(1):1–9
21. Tikanmäki M, Tammelin T, Vääräsmäki M, Sipola-leppänen
M, Miettola S (2017) Prenatal determinants of physical ac-
tivity and cardiorespiratory fitness in adolescence – northern
Finland birth cohort 1986 study. BMC Public Health
17(346):1–12
22. Fairchild TJ, Klakk H, Heidemann MS, Andersen LB,
Wedderkopp N (2016) Exploring the relationship between
adiposity and fitness in young children. Med Sci Sports
Exerc 48(9):1708–1714
23. Heroux M, Onywera V, Tremblay MS, Adamo KB, Lopez Taylor
J, Jauregui Ulloa E, Janssen I (2013) The relation between aerobic
fitness, muscular fitness, and obesity in children from three coun-
tries at different stages of the physical activity transition. ISRN
Obes 134835
24. Valero FJR, Gualteros JA, Torres JA, Espinosa LMU, Ramírez-
Vélez R (2015) Asociación entre el desempeño muscular y el
bienestar físico en niños y adolescentes de Bogotá, Colombia.
Nutr Hosp 32(4):1559–1566
25. Mullerova D, Langmajerova J, Sedlacek P, Dvorakova J, Hirschner
T, Weber Z, Muller L, Brázdová ZD (2015) Dramatic decrease in
muscular fitness in the Czech schoolchildren over the last 20 years.
Cent Eur J Public Health 23:S9–S13
26. Leppänen MH, Henriksson P, Nyström CD, Henriksson H, Ortega
FB, Pomeroy J, Ruiz JR, Cadenas-Sanchez C, Löf M (2017)
Longitudinal physical activity, body composition, and physical fit-
ness in preschoolers. Med Sci Sport Exerc 49(10):2078–2085
27. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M (2008) Physical fit-
ness in childhood and adolescence: a powerful marker of health. Int
J Obes 32(1):1–11
28. Costa RM, Minatto G, Costa BGG, Silva KS (2020) Clustering of
24-h movement behaviors associated with cardiorespiratory fitness
among adolescents: a latent class analysis. Eur J Pediatr. https://doi.
org/10.1007/s00431-020-03719-z
29. Coknaz D,Mirzeoglu AD, Atasoy HI, Alkoy S, Coknaz H, Goral K
(2019) A digital movement in the world of inactive children:
favourable outcomes of playing active video games in a pilot ran-
domized trial. Eur J Pediatr 178(10):1567–1576
Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
Affiliations
Caroline Brand1 & Camila Felin Fochesatto2 & Arieli Fernandes Dias2 & Anelise Reis Gaya2 &
Clarice Maria de Lucena Martins3 & Jane Dagmar Pollo Renner1 & Cézane Priscila Reuter1 & Roya Kelishadi4
1 Graduate Program in Health Promotion, University of Santa Cruz do
Sul (UNISC), 2293 Independência Av, Santa Cruz do Sul, RS, Brazil
2 School of Physical Education, Physiotherapy and Dance, Graduate
Program in Human Movement Sciences, Federal University of Rio
Grande do Sul, Felizardo, 750. Neighborhood: Jardim botânico,
Porto Alegre, Brazil
3 Research Center on Physical Activity, Health and Leisure, Federal
University of Paraiba, Castelo Branco Street, João Pessoa 58051-
900, Brazil
4 Roya Kelishadi. Child Growth and Development Research Center,
Research Institute for Primordial Prevention of Non-Communicable
Disease, Isfahan University of Medical Sciences, Isfahan Province,
Isfahan, Iran
Eur J Pediatr
